Decapod assemblages in Zostera marina beds from two bays adjacent to unvegetated habitats were investigated to assess their influence on decapod assemblages. Thirty-eight decapod species belonging to 4 taxa were collected using a small beam trawl at four habitat types from two different locations off the coast of Namhae Island, southern Korea. Dominant decapod taxon at all habitats was the caridean shrimps, with Eualus leptognathus, Heptacarpus pandaloides, Latreutes anoplonyx, La. laminirostris and Palaemon macrodactylus being the most abundant caridean species. Crabs were characterized by the highest biomass, but moderate species richness and abundance. Penaeoids and sergestoids shrimps only accounted for <1% of the total decapod abundance. The number of species, their abundance, and the diversity of decapod assemblages varied greatly by habitat type, season, and diel patterns. Species number and abundance peaked in seagrass beds of southern exposed bays during the autumn, and were lowest in unvegetated habitats during the summer months. Diel decapod species and catch rates were higher at night. Dense seagrass vegetation and nighttime supported greater decapod species richness and higher mean densities, but not diversity. Multivariate analyses revealed that habitat type and season significantly affected the structure of decapod assemblages, but diel patterns had a minor influence. Among decapod species, Pa. macrodactylus and Pugettia quadridens characterized the decapod assemblages in seagrass beds at the northern semi-closed bay, while Telmessus acutidens, Crangon affinis, Cr. hakodatei, Charybdis japonica and Portunus sanguinolentus were significantly associated with both vegetated and unvegetated habitats at the southern exposed bay, with the former two species more abundant during winter and spring.
Introduction
Seagrass beds are one of the most productive marine habitats common in estuarine and shallow marine coastal ecosystems throughout the world [1, 2] . Among seagrass species, Zostera marina is the most common in temperate coastal areas of the Western Pacific, providing shelter for many marine animals, especially their juveniles [3] [4] [5] [6] . Seagrass meadows' high structural complexity also provides refuge from predators [7] [8] [9] and allows coexistence of species occupying different ecological niches [10] . As a further benefit, seagrass beds provide feeding and nursery grounds for many commercial and recreational vertebrate and invertebrate species [4, [11] [12] [13] .
Previous studies on seagrass faunal assemblages have shown that vegetated seagrass meadows have a consistently higher diversity and abundance of vertebrates and invertebrates than other coastal habitats [10, 14] . In addition, because seagrasses stabilize sediments from tidal currents and wave action [15, 16] , they provide suitable habitat for benthic invertebrates [17, 18] .
Habitat structure complexity has often been associated with biodiversity (e.g. [19] ), with a more complex habitat providing a wider range of niches and thus a higher number of resident species occupying that habitat [20] [21] [22] [23] . The diversity of decapod assemblages, similarly, have been shown to be higher in seagrass beds compared with non-vegetated habitats. Bloomfield and Gillanders [24] reported similar faunal assemblages at seagrass and non-vegetated habitats in southern Australia, but the loss of vegetated habitats could result in a higher loss rate of species richness and abundance at seagrass assemblages. More recently, Park and Kwak [25] showed that seagrass beds adjacent to both tidal flats and rocky shores supported greater decapod abundances and diversities than adjacent unvegetated habitats. Large seagrass beds often contribute to greater diversity and abundance of faunal assemblages than in adjacent non-vegetated habitats [25] [26] [27] , due possibly to the high abundances of eelgrass residents [28] . Comparative studies of decapod assemblages between vegetated and unvegetated seagrass habitats have shown unvegetated habitats dominated by fewer species [25] , with considerable diel and seasonal variations in abundance and assemblage structure (e.g. [25, [29] [30] [31] ).
Large seagrass beds are found along the shoreline of Namhae Island, southern Korea, which provide habitat for a variety of invertebrates and small fish [32] [33] [34] . Although a number of studies comparing fish and decapod assemblages in seagrass meadows have been conducted globally [28, 29, [35] [36] [37] [38] [39] , few such studies have been conducted in eelgrass beds of southern Korean waters. Of those, the focus was limited to only fish communities [25, 32, 40] . Studies on the effects on decapod diversity including assessment of bottom sediment structure, presence of seagrasses and hydrodynamic features including water temperature, tidal current and seasonal storms might provide key insight on factors influencing the maintenance decapod assemblages [41] .
In this study, we compared decapod assemblages in seagrass beds adjacent to tidal flats and rocky shores with unvegetated habitats in structuring decapod assemblages. Our specific objectives were to 1) compare species richness, abundance, and diversity among habitats; and 2) associate differences in assemblage structures with habitat types, seasons, and day/night changes. Results from this study will contribute to a greater understanding of the dynamics between habitat complexity and the structure of decapod assemblages in Korean waters, promoting better resource conservation and management.
Materials and Methods

Study area
Investigations were conducted in a bay of Namhae Island and one of the adjacent Changseon-Do Island, southern Korea, with two study sites within each such bays ( Figure 1 ). Bays comprised of a northern semi-enclosed (Dongdae Bay) and southern exposed (Aenggang Bay) body of water. Dongdae Bay faced inland and was surrounded by diverse geographic features such as tidal flats, rocky shores, small islands and reefs, whereas Aenggang Bay was exposed to open ocean from a southern inlet, allowing seawater circulation to the bay. The two study sites in each bay were seagrass beds adjacent to tidal flats (DT) and to rocky shore (DR) at Dongdae Bay, and seagrass beds (AS) and unvegetated habitat (AU) at Aenggang Bay (Figure 1 ). Dongdae Bay sediment composition consisted of compact particles (e.g. clay-silt). Sediment at Aenggang Bay, converselty, comprised of mostly coarse particles (Kim et al., unpublished data). Seagrass beds from both bays are characterized by Zostera marina, forming subtidal bands (2.7−3.3 km in width) along the shoreline in shallow water (< 5 m). Seagrass biomass fluctuate with season peaking during spring, and seagrass density. Biomass is typically five times higher at Dongdae Bay than at Aenggang Bay [34] . Typical water temperatures ranged from 7.4 °C to 27.7 °C at Dongdae Bay and from 7.7 °C to 30.7 °C at Aenggang Bay. Salinity ranged from 19.5 to 34.2 psu at Dongdae Bay and from 16.5 to 34.8 psu at Aenggang Bay, with the lowest values during summer at both bays [34] . 
Sampling
Crustacean decapod samples were collected monthly in 2005 using a 3 m beam trawl with 1.9-cm mesh wing and body, and a 0.6-cm mesh liner. Four 6-min tows per sampling were conducted during both day (between 10:00h and 12:00h) and night (between 20:00h and 22:00h) at spring tide in all habitats. The estimated coverage area was approximately 180 m2 at each sampling event. Decapod abundance was expressed as the number of individuals per 100 m2. Immediately after capture, individual decapods were preserved in 5% formalin with seawater and later transferred to 70% ethanol for long-term storage. In the laboratory, specimens were identified to the species and weighed to the nearest milligram. All scientific names were checked against SeaLifeBase [42] .
Data analyses
The Shannon-Wiener index (H'; [43] ) was used to estimate community-level diversity. Three-way analyses of variance (ANOVAs) were used to assess spatial and temporal differences in species richness (number of species), abundance (number of individuals), and diversity. The Shannon-Weiner index was the response variable. Habitat type, season, and day/night were fixed factors, with Tukey's HSD test for post-hoc ANOVA comparisons. All species were considered in the analyses, and abundances were log(x+1)-transformed. Four seasons were winter (December-February), spring (March-May), summer (June-August) and autumn (September-November).
Inferential and descriptive analyses were performed to further assess abundance trends with diel patterns, seasons, and habitat. Permutation multivariate analyses of variance (PERMANOVA) on log(abundance + 1) based on Bray-Curtis similarity matrices was conducted [44] . Analysis factors for the PERMANOVA were habitat (DT, AR, AS, and AU), season (factors winter, spring, summer, and autumn), and diel effects (day/night). Similarity matrices were used in a three-way PERMANOVA to test for factor effects. To assess statistical significance among factor levels, a canonical analysis of principal coordinates (CAPs) was used [45] . The A metric multidimensional scaling (mMDS) ordination technique was used to visualize factor effects. The relative contributions of species to the observed differences were assessed using correlation coefficients for relationships between each factor and the canonical axis. Individual species with both correlations higher than 0.4 and total abundance larger than 1 percent were plotted on CAP axes 1 and 2 for additional visualization of results.
ANOVA was conducted using SYSTAT software (Systat version 18, SPSS Inc., Chicago, IL, USA), and multivariate analyses were performed using routines in the PRIMER v7 multivariate statistics package (www.primer-e.com) and the PERMANOVA+ add-on module [45, 46] . The statistical significance level of 0.05 was used throughout analyses.
Results
Decapod species composition
Thirty-eight decapod species from 4 taxa were collected from the study areas ( Table 1 ). The major taxa ranked by species number were Caridea (19 spp.), followed by Brachyura (13 spp.), Penaeoidea (4 spp.) and Sergestoidea (2 spp.). The highest number of species was at the Aenggang Bay seagrass bed (AS), and the lowest at the seagrass bed adjacent to the rocky shore at Dongdae Bay (DB). The greatest decapod abundance was recorded at the seagrass bed of Aengang Bay and the lowest at the unvegetated habitat of Aengang Bay (AU). Overall, the study areas were dominated by the Caridea genera of Eualus, Heptacarpus and Latreutes. The species with highest abundance at all study sites was Heptacarpus pandaloides, followed by Eualus leptognathus, Latreutes anoplonyx and La. laminirostris. Among decapods, Palaemon species was dominant at Dongdae Bay, and Crangon affinis and Portunus sanguinolentus dominant at Aengang Bay (Table 1) . Table 1 . Decapod species and total abundance (per 100 m2) in seagrass beds adjacent to tidal flat (DT) and rocky shore (DR) of Dongdae Bay, and seagrass beds (AS) and areas adjacent to the unvegetated habitats (AU) of Aenggang Bay, Namhae Island, southern Korea. 
Dongdae Bay Aenggang Bay
Spatio-temporal changes in species richness, abundance, and diversity
Mean species richness, abundance, and diversity varied by factors of habitat type, season, and diel patterns. Three-way ANOVA showed species richness and abundance of decapod assemblage differed significantly among habitats, seasons, and diel patterns. Diversity patterns were not significant for any factors (Table 2) . No two-way or three-way interactions were significant between most factors. Only the habitat × season interaction for abundance was significant influence on decapod assemblage (Table 2) . Tukey's post-hoc tests indicated that mean species richness was lower at unvegetated habitat and during summer ( Figure 2 ). Mean abundance was the highest at seagrass beds in Aenggang Bay and during autumn, and lowest at unvegetated habitats and during summer ( Figure 2 ). Diel patterns in decapod assemblage showed that both species richness and abundance was higher during night than day ( Figure 2 ). However, there were no patterns in species diversity with all three factors combined ( Figure 2 ). Table 1 . Wi = winter, Sp = spring, Su = summer, Au = autumn.
Decapod assemblage structure
Three-way PERMANOVA revealed decapod assemblages significantly associated with habitat type and season, with habitat and season being the strongest factors determining variation within samples (Table 3) . Only a significant two-way interaction between habitat and season was observed ( Table 3 ). Pairwise comparisons of habitat and season showed significant differences in decapod assemblage structures between Dongdae and Aenggang bays during spring, summer and autumn (Table 4 ). Significant differences between seasons within each habitat were also observed, except between winter and spring at all sites (Table 4) . At Dongdae Bay, only differences between spring-summer at the DT habitat was significant. Seasonal comparisons between colder (winter and spring) and warmer (summer and autumn) seasons were significant at each of Aenggang Bay habitats (Table 4 ). Metric MDS ordination of similarity of mean decapod assemblages showed a clear difference in decapod assemblages by habitat type and season (Figure 3 ). Samplings from different locations showed distinct clustering patterns, while the multivariate dispersions slightly overlapped habitats within each bay (Figure 3a) . Taking seasonal data pooled by site also showed clear clustering. Bootstrap averages of samples between warmer seasons (i.e. summer and autumn) showed clear separation, compared with the average assemblages between colder seasons (Figure 3b ). In addition, samples of seasonal decapod assemblage were clearly divided between warmer and colder seasons along with the Y axis in mMDS ordination. Table 1 ; season codes; Wi = winter, Sp = spring, Su = summer, Au = autumn.
Preprints
To further investigate PERMANOVA results, CAP analyses were performed on significant interactions. The CAP plot for site-season interaction showed a clear separation among factor groups (Figure 4) . Palaemon macrodactylus and Pugettia quadridens contributed to separate the sites of Dongdae Bay from those in Aenggang Bay. Telmessus acutidens, two crangonid shrimps (Cr. affinis and Cr. hakodatei) and two portunid crabs (Charybdis japonica and Portunus trituberculatus) characterized the decapod assemblages in Aenggang Bay (Figure 4 ). Weak seasonal differences in decapod assemblages were found at Dongdae Bay sites, although there were some trends on species contribution of Pa. macrodactylus and Pu. quadridens on colder and warmer season assemblages, respectively. Conversely, clear seasonal classifications in decapod assemblages were evident at Aenggang Bay sites. Te. acutidens and Cr. affinis contributed to the colder season samples, and Cr. hakodatei, Ch. japonica and Po. trituberculatus to the warmer season samples, regardless of habitat type (Figure 4) . Table 1 caption.
Discussion
From the 38 species collected, the dominant caridean shrimps were Ha. pandaloides, La. anoplonyx, Eu. leptognathus, La. laminirostris, Pa. macrodactylus, and abundant crab species were Ch. japonica, Pu. quadridens, and Te. acutidens. Broad-scale surveys of decapod communities in seagrass beds from other regions of southern Korea have shown similar community structures. Heptacarpus, Latreutes, Eualus and Palaemon were the dominant shrimp genera at the seagrass beds in Kwang Bay and Jinhae Bay [4, 25, 47] . Charybdis japonica, Pu. quadridens, and Te. acutidens were the common crab species at the seagrass beds of Jinhae Bay, but they were not in adjacent unvegetated areas of the bay [25] . Compared with seagrass beds of temperate regions worldwide, the genera Eualus, Heptacarpus and Latreutes were the principally North Pacific carid genera often abundant in Zostera meadows [31] . Crangon and Palaemon also dominated the decapod communities of seagrass beds in Western Port Bay, Australia [5, 48] . Charybdis japonica and Pu. quadridens in particular were the seagrass dependent crab species in northwestern Pacific regions [49, 50] . The above taxonomical groups, therefore, seem common decapods inhabiting seagrass beds of temperate Pacific regions, regardless of locations.
Seagrass beds are highly productive, showing higher abundances and diversity of marine organisms compared with unvegetated habitats (e.g. [6, 25, 51] ). This is due to the higher capacity of seagrass vegetation in supporting large density and species richness of faunal assemblages [29] . This study corroborated the expected by showing higher abundance in seagrass beds. Species richness, however, did not show this pattern. Similarly, no significant differences in diversity were evident among habitat types. A number of studies have shown significantly higher decapod abundances at vegetated habitats (e.g., [24, 25] ). Park and Kwak [25] documented that decapod abundances within seagrass habitats were also significantly influenced by habitat structures associated with adjacent environments, where seagrass bed associated with vegetated tidal flats had a higher decapod abundance than seagrass beds adjacent to rocky shores or unvegetated habitats. Physical habitat structure (i.e. both seagrass vegetation and adjacent environment), therefore, is one of the main forces driving abundance of coastal marine animals in seagrass habitat [52] .
High seagrass biomass has been shown indicative of high species richness and abundance of faunal assemblages in seagrass habitats (e.g., [25, 53] ), because increased seagrass biomass favors available space (micro-refuges) and food availability, as well as a decrease in predation [6, 54] . Although marked differences were found in seagrass biomass between the two study bays, with Dongdae Bay having higher seagrass biomass than Aenggang Bay [34] , species richness and abundance of decapod assemblages was not associated with seagrass density in the study area. Hori et al. [55] reported that extremely high seagrass biomass does not always correspond with high species richness, but intermediate seagrass biomass may more commonly lead to increased abundance of faunal communities. Moranta et al. [56] also demonstrated that larger and denser meadows hosted high numbers of small-sized fishes, but not larger adults. Thus, decapod assemblage among seagrass beds in this study may not be influenced solely by seagrass biomass, but other physical factors, such as shoreline characteristics can be another factor influencing decapod abundance. In the Cádiz Bay of southwestern Spain, inner bay habitats with higher vegetative cover and relatively limited water renewal supported lower species richness compared with the outer bay [57] . Similarly, in this study, exposure to open ocean likely supports increased habitat accessibility for marine animals, whereas protected or semi-enclosed bays allow only limited access. Ávila et al. [58] reported that the total number of macroinvertebrate species was relatively higher in semi-exposed and exposed seagrass beds than in protected seagrass beds. Thus, the effects of coastline patterns and meadow structure may interact, producing the patterns in decapod communities observed in this study.
Multivariate analyses confirmed that decapod assemblage structure differed significantly among habitat types and among seasons, especially between study locations (Dongday Bay and Aenggang Bay) and colder (winter and spring) and warmer (summer and autumn) seasons. Such a difference, however, was likely not only due to vegetative cover. The differences in assemblage may have also been caused by variations in habitat use of individual decapod species in different habitats and seasons. CAP analyses revealed that these differences were strongly associated with the contributions of several decapod groups to each habitat and each season. For example, Crangonidae shrimps were limited to Aenggang Bay, whereas Pu. quadridens and Pa. macrodactylus were highly associated with seagrass beds of Dongdae Bay. In this study, the differences of decapod assemblages are likely associated with sediment compositions (i.e. compact verse coarse particles), and degree of exposure to open sea between study locations [34] . Among decapod species, Crangonidae shrimps showed sediment preferences in coarse sand bottoms related to its borrowing ability [59, 60] , whereas Palaemon species inhabited mainly seagrass covered beds [61, 62] with mud bottoms [63] . De La Rosa et al. [57] also showed structures of decapod assemblages influenced by variability of granulometric composition in the Cádiz Bay, southwestern Spain, with low granulometric variability and fine sediment associated with structural heterogeneity. In addition, high circulation at exposed habitats (i.e., Anggang Bay) may allow accessibility for various marine species, including swimming crabs (Portunidae). Because each study site provided favorable habitats for those species, the differences in decapod assemblage may have come from different sediment structure and habitat exposures at each site. Nonetheless, several minor decapod groups including Eualus and Palaemon shrimps, Pu. quadridens and Te. acutidens consistently preferred vegetated habitats, regardless of geographical difference and sediment compositions.
Seasonal variation in both species richness and abundance was significant for seagrass decapod communities, with similar patterns among winter, spring and autumn, but considerably lower in the summer. The pattern observed was probably more due to stable and dense vegetative cover and less to hydrographic factors [41] [64] . Decapod assemblages, however, were highly variable between Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2019 doi:10.20944/preprints201912.0300.v1
colder and warmer seasons, especially at Aenggang Bay. This seasonal structural difference was mainly due to contributions of several crab species in each season; i.e. swimming crabs (Portunidae) were more associated with decapod assemblage during warmer season, while Telmessus acutidens contributed colder season assemblages. Spawning, coinciding with development of the seagrass, may have been the driver for the observed pattern [34, 64, 65] , probably due to migration from deeper water to shallow habitat for reproduction. In addition, although two crangonid shrimps were highly associated with Aenggang Bay, their occurrence pattern between colder and warmer seasons was apparent for this bay. Such temporal segregations among sympatric species have also been reported for palaemonid shrimps, with varying freshwater inputs and salinity between dry and wet season in estuarine habitats [66] , allowing coexistence of closely related species in a given habitat as a mechanism of temporal habitat and resource partitioning [67] .
Overall species richness and abundance of decapods was higher at night than during the day. No significant diel patterns in assemblage structure, however, was evident. Decapod assemblage patterns in seagrass beds and shallow march creeks from sub-tropical and temperate estuaries have supported our observation (e.g. [29, 31, [68] [69] [70] ). Diel differences in species richness and abundance might relate to diurnal changes in decapod behavior associated with variation in light intensity, turbidity, and tide [71, 72] . Rountree and Able [68] reported that young-of-the-year decapod were significantly more abundant at night due to their nocturnal movement into shallow marsh creeks. From laboratory observations, Bauer [31] found that mean abundance of caridean shrimps from seagrass meadows were consistently higher at night, because of nocturnal emergence from daytime burrows. Several studies also reported nocturnal movement from substrate into the water column [73, 74] , increasing abundance of epiphytic crustaceans at night in shallow seagrass habitats [69, 75] . More recently, Hampel et al. [70] showed the densities of faunal assemblages influenced by the interplay of day-night difference and tidal cycle in an intertidal salt marsh creek, with the highest densities during low tide and night.
Conclusions
This study provides important insights into the spatio-temporal variabilities of decapod assemblages in seagrass beds and unvegetated areas from two locations at Namhae Island in southern Korean waters. Our findings show that decapod assemblage structure was significantly affected by habitat type, location, and season, driven principally by variations in the abundance of common decapod species. Moreover, decapod abundance was significantly higher in seagrass beds than in unvegetated habitats, and during night than day. Because seagrass habitats support a high abundance of ecologically and economically important marine organisms, preservation and management of such habitats must be a priority. Studies of faunal assemblages in seagrass habitats, such as this, establish important baselines for future research and management interventions toward marine biodiversity, areas where research is limited or lacking, as in southern Korean waters. 
